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WORK PLAN FOR RESPONSE ACTIVITIES
MAPLE ROAD ARTFA

UNIT E AQUIFER

Januarz 17,2005
INTRODUCTION

Pall Life Sciences (PLS) is submitting this Work Plan for Response Activities (“Work Plan”) to
address the Unit E plume near Maple Road, Ann Arbor, Michigan. The Work Plan details the
installation of two wells (one extraction and one injection), aquifer testing and analysis,
installation of piping, and the installation of a treatment system.

DESCRIPTION OF AND AUTHORITY FOR PROPOSED RESPONSE ACTIVITIES

The proposed Response Activities will involve the extraction of groundwater from a single well,
treatment and the reinjection of the treated groundwater using two separate wells. One of the
injection wells (IW-3) will be installed north of the extraction well to be installed. An existing
well (TW-16) will be converted to the second injection well (IW-4). The new extraction well
(TW-18) will be located to intercept the highest concentrations of 1,4-dioxane in order to satisfy
the Court-mandated remedial objective of preventing groundwater with concentrations in excess
of 2,800 microgram per liter (ug/L) from migrating east of Maple Road. The proposed
extraction and injection well locations are shown on Figure 1. With the proposed response
activities, the total flux of groundwater through the plume cross section will not be changed since
the same volume of groundwater will be removed and then, following treatment, reinjected back
into the aquifer, within the plume itself. Consequently, the injection will not result in any
material changes in the plume boundaries.

The initial extraction/injection rate will be 200 gpm. PLS will maintain this extraction/injection
rate until further investigation indicates that a different rate is appropriate and approval for the
rate change is obtained from either the MDEQ or the Court.

The proposed discharge to groundwater will not require PLS to obtain a groundwater discharge
permit. Rather, PLS’ reinjection of treated groundwater is authorized by an exemption to the
general prohibition on groundwater discharges under the Part 31 rules. Specifically, the
proposed discharge satisfies the conditions of R. 323.2@1 0(w). Rule 2210(u) authorizes
discharges associated with response activities as follows: &

(u) Wastewater associated with an environmental response activity
described in any of the following paragraphs if the discharge is to
the plume of groundwater contamination, including an area 100
feet hydraulically upgradient of the edge of the plume, and any
additive used in the treatment process that is not part of the
contamination plume meets the standards of R 323.2222:

(i) A pump test discharge that does not change the physical
dimensions of the plume in groundwater or, if the dimensions are




changed, the changes are accounted for in the design of the final
groundwater remediation plan. (i) A remedial investigation,
feasibility study, or remedial action discharge that is at or below
the residential criteria authorized by section 20101a(1)(a) of the
act, if applicable, or section 21304(a) of the act, if applicable.

(iii) A discharge for a remedial investigation, feasibility study, or
remedial action above the residential criteria authorized by section
20101a(1)(a) of the act, if applicable, or section 21304(a) of the
act, if applicable, if a remediation investigation, feasibility study,
or remediation plan has been approved by the department division
that has compliance oversight. The remediation plan shall indicate
that the treatment system is designed and will be operated so that
contaminated groundwater will eventually meet the appropriate
land use-based cleanup criteria authorized by section 20120a(1)(a)
to (d) of the act, if applicable, or section 21304(a) of the act, if
applicable. ‘

This Work Plan demonstrates that the proposed discharge is authorized under Rule 2210(u)(ii).
Reinjection will occur into the Unit E plume in areas where concentrations are above 85 ppb.
This is the criterion established by the Michigan Department of Environmental Quality (MDEQ)
under Part 201 as protective for drinking and is the applicable remedial standard for this site.
Therefore, the discharge will be “to the plume of groundwater contamination” as required by
Rule 2210(u). PLS’ treatment system will also meet and exceed the treatment requirements of
Rule 2210(u)(ii). Consequently, no further approvals are required to authorize the proposed
discharge.

SUPPORTING INFORMATION

In its September 1, 2004, Decision Document, the MDEQ at that time noted three concerns with
reinjection as a disposal option: (1) the unknown capacity of the aquifer to accept the amount of
water that would need to be extracted and reinjected; (2) the unknown effects on the plume due
to the complex geology; and (3) fouling of injection wells (Decision Document, page 12 of 17).
These concerns were raised in the overall context of using reinjection to handle the large
volumes of water that would be generated with the MDEQ’s alternative proposal. However,
" these concerns, to the extent they apply to the proposed Response Activities, are also addressed
below.

General Information in Support of the Work Plan

The proposed locations for the extraction well and two injection wells are based on
interpretations of aquifer geometry, 1,4-dioxane distribution, the location of existing extraction
wells, and site logistics. The Unit E hydrogeological and 1,4-dixoane distribution data indicate
the area west of Maple Road would be a comparatively effective location for groundwater
extraction. As the 1,4-dioxane plume migrates eastward, toward Maple Road, the plume is
following a relatively defined channel with boundaries that have been mapped by several
monitoring wells. Once east of Maple Road, the plume reduces in concentration by almost one
‘order of magnitude, and the aquifer thins out and becomes more complicated. The locations were
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chosen so that the reinjection will occur within the boundaries of the plume of groundwater
contamination consistent with Rule 2210(u). The proposed locations shown relative to the
1,4-dioxane isoconcentration contour are shown on the attached Figure 1.

The proposed extraction and injection wells will be located in an area of the site where the Unit
E aquifer is interpreted to range in thickness from approximately 60 to 80 feet. A cross section of
this area is provided as Figure 2. Based on the July to September 2004 1,4-dioxane
isoconcentration map for the Unit E aquifer (Figure 3), the proposed extraction well is near the
axis of the Unit E plume, which has concentrations of 1,4-dioxane ranging between 1,000 and
2,000 pg/L. The proposed Response Activities will capture approximately 50 percent of the
width of the plume and concentrate on the central core of the Unit E plume. The capture area will
more than cover the area of 1,4-dioxane concentrations in excess of 2,800 ppb, and includes a
significant zone of contamination between 1,000 and 2,000 ppb.

- Data from MW-85, MW-87, MW-88, Maple Village Boring East, and Maple Village Boring
West provides information regarding the vertical distribution of 1,4-dioxane in the proposed
extraction well areas. The borehole logs for these five borings are provided as Aftachment 1.
Data encountered at MW-85 and MW-88 indicate the Unit E aquifer is approximately 60 feet
thick in these areas and consists of sand, gravel, and cobbles. 1,4-Dioxane concentrations at
MW-85 and MW-88 ranged from 14 to 1,731 pg/L and 2 to 973 pg/L, respectively.

At MW-87, the Unit E aquifer is approximately 80 feet thick and consists of sand, gravel, and
cobbles with a clay lens encountered near the center of the Unit E aquifer. 1,4-Dioxane
concentrations at MW-87 ranged from less than 1 to 1,355 pg/L.

Information on Capacity of Aquzfer and Ability to Accept 200 gpm

PLS conducted an aquifer performance test in the Maple Village area using one of the proposed
injection wells, TW-16, for the purpose of determining the hydraulic properties of the Unit E
aquifer in that area. The aquifer transmissivity calculated in the arca of TW-16 ranges from
approximately 75,117 and 131,425 gallons per day per foot (gpd/ft), with average hydraulic
conductivity values in the range of 600 to 2,300 gpd/f. Storativity values calculated from the
test ranged between 0.000049 and 0.047502. Based on the observed hydraulic characteristics and
general observations about the aquifer in this area made from analysis of boring log data, the
aquifer appears to have more than sufficient capacity to accept injected water (100 gpm injected
at two separate locations). ' '

The 200 gpm extracted will be injected back into the aquifer at two separate locations and at
similar depths. Localized mounds are expected to develop at the injection sites, but these mounds
will be balanced by the hydraulic low created at the extraction site. Overall, there will be no net
¢hange in flux in the area, so there is no reason to expect the plume to expand in any material
way as a result of the proposed Response Activities.

Information on Impact of Reinjection on Plume Contour

PLS submitted additional information in its response to the MDEQ’s Decision Document. This
included a memo and particle trace diagrams that were intended to answer the following
questions. Would the proposed reinjection:




Split the plume? _

Push contaminated groundwater farther downgradient faster?
Slow the migration of more contaminated portions of the plume?
Extend the duration of remedial activities?

A copy of the memorandum and particle trace diagram answering these questions in support of
reinjection is provided as Attachment 2.

Information on “fouling”

Injection wells are, by nature, prone to well screen fouling. Well screen fouling occurs when
suspended particles, bacterial growth, and/or air bubbles plug the well screen openings and
formation porosity. The reduction of the well screen opening and effective formation porosity
requires an increase in pressure to inject the same volume of water into the formation. At some
point, the injection head becomes too high, requiring a cleaning of the well screen and
surrounding formation (rehabilitation) to restore the well’s injection capacity.

PLS has operated two injection wells (IW-1 and IW-2), both completed in Unit E in the
Evergreen Subdivision area. IW-1 was prone to plugging, which resulted in a high level of
maintenance of the well. In contrast, IW-2 operated with significantly less maintenance. Specific
reasons for why one well operated with less maintenance are not known, but well design and
slight modifications in chemistry (pH adjustments) are believed to have been a factor.

PLS recognizes that operation of injection wells can require attention to maintenance and is
prepared to dedicate the resources necessary to keep the injection wells in operation. It is
anticipated that the injection wells will require periodic maintenance, including chlorination and
acid washing. The frequency that this work will be performed will be determined by monitoring
of the injection wells, specifically injection flow rates and system pressures.

If necessary, PLS will install additional injection wells to maintain the needed inj ectibn capacity.
Such wells will be considered, if the frequency maintenance of the injection wells is high and
downtime for the wells is becoming excessive.

WORK PLAN
Test Bbring(s)

At each proposed well location, test borings will be drilled to confirm the selected locations are
suitable for the extraction or injection well, and to collect the geologic information necessary to
design the wells. If the conditions are not suitable for either of the wells, the boring(s) will be
abandoned and an alternative location(s) will be tested. However, due to the available data near
the site, it is not anticipated that alternative locations will be necessary.

The test boring(s) will be drilled using the hollow stem auger method and the proposed sampling
methods are split spoon and Simulprobe for collection of soil and soil/groundwater samples,
respectively. Split spoon sampling will be performed at a frequency of 10 feet, starting at
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approximately 10 feet below ground surface (bgs) to a depth of approximately 90 feet bgs, or
wherever the target aquifer is encountered. Split spoon sampling will be performed at a
frequency of 5 feet throughout the aquifer and will revert to the 10-foot frequency beneath the
aquifer, if applicable.

In water-bearing units, Simulprobe sampling will be performed at a maximum frequency of
every 10 feet. Split spoon sampling will not be collected at the Simulprobe intervals, as soil
sampling will be accounted for by the Simulprobe. If conditions warrant (coarse gravel or
heaving sands), a temporary well screen with packer assembly will be used to collect
groundwater samples. Selected soil samples will also be analyzed for grain size to aid in the
selection of the test well screen.

Upon reaching the proposed target depth, the boring will be backfilled with sand through the
target aquifer, and grouted with bentonite above the aquifer. This method will allow the borehole
to be reentered for the installation of the test well.

The soil cuttings derived from the drilling and development water will be transported back to
PLS.

Extraction and Injection Wells

A total of two wells (one extraction (TW-18) and one injection well (IW-3) — the other injection
well, IW-4 (formerly TW-16) already exists.) will be designed using the test boring data. From
the test boring data, the screen zone and screen size will be determined. Both the extraction and
the injection wells will be constructed of 8-inch-diameter steel casing. The screen for the
extraction well will be 20 feet in length. The screen interval will be determined after a review of
geologic and water quality data from the test boring. The injection well screen will also be 20
feet in length. The screen interval will be selected after a review of geologic and water quality
data from the test boring. The well screens may be gravel packed, depending on the grain size of
the material in the proposed screen intervals.

The wells will be grouted in accordance with Michigan Water Well Construction and Pump
Installation Code (Part 127, Act 368, PA 1978 and Administrative Rules). Development of the
well(s) will be performed using air-lifting techniques. Groundwater generated during the
development will be transported to PLS for treatment and discharge.

A shori-term aquifer test will be completed on the extraction well and the newly installed
injection well. Each test will consist of pumping the well at a flow rate of approximately 200
gpm. Drawdown data will be collected from the test well and nearby monitoring wells. The
proposed test time for each of the two wells is 4 to 8 hours. The groundwater will be pumped
into a 20,000-gallon frac tank, then transported and disposed into the Red Pond at PLS.

Groundwater samples will be obtained during each of the aquifer tests. The samples will be
analyzed for selected natural water chemistry parameters and 1,4-dioxane.




Well Infrastructure and Piping

The injection wells will be equipped with packers and designed similar to PLS injection wells
IW-1 and IW-2. The packers will allow for an increase in injection pressure greater than allowed
for by elevation head. Additionally, the packers will minimize oxygen in the systemn.

The extraction well pump will be sized based on data collected from the short-term aquifer
testing. '

After completion of the short-term aquifer tests, the extraction well will be equipped with a
pitless adapter and connected to the portable treatment building via double-cased fusion-welded
high-density pelyethylene piping. PLS will prepare engineering drawings for the underground
infrastructure and submit the drawings to the MDEQ and other appropriate parties, as necessary.
At this time, PLS anticipates the pipeline will consist of an 8-inch-diameter outer pipe with a
6-inch-diameter inner pipe. The water will flow through the 6-inch pipe, and the 8-inch pipe will
act as a secondary containment in the event the 6-inch pipe fails. The injection wells will have
pitless adapters, and will be connected to the portable treatment building via single-wall, 6-inch
piping. The piping will be installed via trenching and/or horizontal drilling.

Treatment System

A PLS mobile Ozone/Hydrogen Peroxide Treatment System will be utilized for the Response
Activities. The system is designed to treat 1,4-dioxane at a flow rate of 200 gpm. Groundwater
will be extracted at 200 gpm and treated, then the 200 gpm treated water will be injected back
into the Unit E aquifer. The treatment system is supplied with two construction-type trailers. The
supply trailer is where ozone is produced and hydrogen peroxide is stored. The treatment system
is equipped with an advanced computer processor that operates and monitors the system during
operations. The detailed information related to Pall Ozone/Hydrogen Peroxide System was
submitted to MDEQ in various reports previously.

Performance Monitoring

PLS will monitor the performance of the Response Activities by the collection of water level and
water quality data from a network of wells. The proposed Performance Monitoring Wells are

shown on Figure 4.

The following table identifies the wells, the purpose for selecting the well, and sampling
frequencies.




Purpose of Groundwater Quality and
Well Location Monitoring ‘Water Level Frequency
TW-18 1 Weekly (water quality only)
Cperation and
Maintenance :
IW-3 & IW-4 Monitoring, Monitor Water Level/Pressure Daily
Treatment system Compliance with
Effluent Injection Rules To be determined
MW-76s 2 Quarterly
MW-76i1 2 Quarterly
MW-76d 2 Quarterly
MW-79 2 Quarterly
MW-81 2and 3 Monthly for 3 Months then Quarterly
MW-83s 2 Quarterly
MW-83d 2 Quarterly
MW-84s 2 Quarterly
MW-84d 2 Quarterly
MW-85 2 Quarterly
MW-86 2 Quarterly
MW-87s 2 Quarterly
MW-87d 2 Quarterly
MW-88 2 Quarterly
MW-89 2 and 3 Monthly for 3 Months then Quarterly
MW-90 2and3 Monthly for 3 Months then Quarterly
MW-91 2 Quarterly

1 = Monitor water quality trends and calculate mass removed.

2 = Monitor for downgradient water quality changes.

3 = Monitor for lateral expansion of the Unit E plume.
Note: All samples will be analyzed for 1,4-dioxane by PLS.

PLS will provide all performance monitoring data in a tabulated and graphed format to the

MDEQ in its Quarterly Report:

PLS is prepared to implement the Work Plan immediately upon approval by the MDEQ. The

following are time estimates for various project tasks.




Major Project Tasks Estimated Task Time Comments

Find Location for Treatment Unknown Finding access to a site to locate the

System and Obtain Access treatment system is expected to be

from Property Owner(s) difficult, Land zoning may be an
additional issue.

Discharge Authorization Upon approval of this

Work Plan by the RRD

Access for Well Installation Unknown ' The proposed extraction/injection
well locations are in the City of
Ann Arbor right-of-way, PLS will
seek access upon approval of the

, Work Plan.

Drilling/Well Installation 3 to 4 weeks Work can begin upon approval of
Work Plan and access.

Engineering Design of 3 to 4 weeks The level of design will depend on

Pipeline where a treatment system is located.

Approval of Pipeline Design Unknown Road crossings could result in

by Appropriate Authorities significant increase in time.

Site Preparation 3 to 4 weeks Can begin after site access is
obtained.

System Installation and 2 10 4 weeks

Startup

PLS estimates that it could take between 3 and 12 months to implement the Response Activities
after a treatment system site has been secured.
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